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Abstract
The collection of touch DNA from evidence has been a challenge in the field of Forensic
Biology for decades. There are numerous collection protocols, substrates, and solutions
that have been used to varying levels of success. Currently, no single method or substrate
stands out as the single most effective collection protocol. The Gene Link OmniMatrix™ K105 solution is a novel collection method that can be sprayed onto the surface
of non-porous evidence. The matrix dries into a film, capturing cells and cell-free DNA
which can be scraped off and collected into a tube. During extraction, the matrix
dissolves into the extraction buffer, reducing the number of transfer steps in an extraction
protocol. In this study, five donors touched various pieces of mock evidence in duplicate.
One item was swabbed while the other item of each pair was sampled with the matrix
solution. In this small study, the Omni-Matrix™ K105 solution led to a 15-fold increase
in median DNA yield, twice as many alleles called using the Globalfiler PCR
Amplification Kit, and higher quality profiles than when evidence was swabbed. Further
studies focusing on a larger sample size, donor shedder status, and compatibility with
latent fingerprint development techniques would be necessary to prove whether the
matrix could be a viable alternative to current sampling methods.
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1. Introduction
Locard’s Exchange Principle states that whenever two objects come into contact,
there is a mutual exchange of material between those two objects (Li, 2018). This
principle applies in the field of Forensic Biology with regards to the transfer of biological
material not directly associated with biological fluids or “trace DNA” (van Oorschot,
Szkuta, Meakin, Kokshoorn & Goray, 2019). More narrowly defined, the term “touch
DNA” can be used to describe the DNA that is deposited on an object after it has been
touched by a person or another object (Lim, Subhani, Daniel & Frascione, 2016). The
deposit of “trace DNA” includes other mechanisms of deposit which generally fall into
the category of indirect transfer. These indirect transfer mechanisms include secondary
transfer and bidirectional transfer (van Oorschot et al. 2019). The discovery of an
individual’s DNA on a surface or object can then be used to establish that individual’s
presence at a location or their handling of an object of interest. Typically, the amount of
DNA obtained from touched samples, otherwise known as the DNA yield, is less than
samples originating from biological fluids such as blood, semen or saliva (Aditya,
Sharma, Bhattacharyya & Chaudhuri, 2011).
Typically, the processing of forensic evidence follows a relatively straightforward
path from item to DNA profile. The evidence is sampled, and that sample is subjected to
DNA extraction and purification. The amount of human DNA present in the extract is
quantified. Typically, a minimum quantity of template DNA is required to proceed to
STR amplification. Finally, an electropherogram is generated by a genetic analyzer. This
electropherogram is then analyzed, and a DNA profile is generated (Butler, 2011). This
process works well for samples of sufficient DNA amount and quality. Early multiplex
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PCR typing kits required as much as 10 ng of DNA template, or the amount of DNA
found in approximately 1,700 cells (Kimpton et al., 1993). This lack of sensitivity limited
the types of evidence sent for DNA testing to items such as cavity swabs or bloodstains.
As new generations of DNA typing kits became available, the kits have become more
sensitive, requiring less DNA to develop a profile. One of the newest STR typing kits,
Globalfiler, can consistently return full profiles with as little as 125 pg of DNA template,
the amount of DNA found in approximately 21 cells and an 80-fold increase in sensitivity
(Ludeman et al., 2018). The New York City Office of Chief Medical Examiner (NYC
OCME) routinely amplifies as little as 37.5 pg of DNA template for STR typing using the
PowerPlex Fusion STR typing kit (New York City Office of Chief Medical Examiner,
2019a). With the ability to amplify such low quantities of DNA template, forensic
practitioners are now able to explore the investigation of trace DNA samples. However,
samples amplified with low amounts of DNA template are more affected by stochastic
effects such as allelic dropout (Weusten & Herbergs, 2012). As explained below,
stochastic effects can have a negative impact on the quality of the developed DNA
profiles.
Stochastic effects in STR typing are related to inefficiencies in the PCR process.
Theoretically, with every cycle of PCR, the amount of DNA in the reaction is doubled.
However, during each cycle of PCR, an individual strand of DNA generally has one of
three following outcomes: (a) the strand is amplified, (b) the strand is not amplified, or
(c) the strand is amplified with either one more or fewer repeat units (commonly referred
to as stutter). If there is an abundance of DNA strands, then outcomes (b) or (c) from any
individual strand are mitigated by the successful amplification of the remainder of DNA.
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Stochastic effects are more pronounced with lower DNA template amounts because when
there are fewer DNA strands in the reaction, stutter peaks could reach quantities on the
same order of the allelic peak (Weusten & Herbergs, 2012). Samples amplified with low
template amounts can also suffer from allelic dropout, where an allele in the profile is not
amplified to the point of crossing the analytical threshold. This is the point where a signal
can be differentiated from background noise in an electropherogram. Typically, allelic
dropout affects larger loci more frequently than smaller loci. If enough allelic dropout
occurs, a DNA profile may not be interpreted from a sample. In order for an evidence
profile to be eligible to be uploaded to the National DNA Index System (NDIS), the
profile must have data at a minimum of 8 of the original core CODIS loci (Federal
Bureau of Investigation, 2019). Stutter effects are generally more pronounced when less
DNA template is amplified, which could reduce the amount of reliable data generated.
Trace DNA sample processing and interpretation pose a unique set of questions
and challenges when compared to other forensic specimens. There are often multiple
solutions that have been implemented for each challenge, each with their own benefits
and problems. These challenges include the aforementioned reduced DNA yield from
touch DNA samples, which is exacerbated by differences in the amount of DNA left
behind by different individuals. Furthermore, time delays between deposit and collection,
as well as various environmental factors can affect DNA yield (Alketbi, 2018). Questions
concerning DNA persistence, DNA transfer, or the number of individuals who may have
touched an item can affect conclusions drawn from the evidence (van Oorschot et al.,
2019).
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Determining where an object of interest was touched or handled is another
difficulty that affects collection of trace DNA samples. For stakeholders such as law
enforcement, prosecutors, defense attorneys, judges, and ultimately, the jury, the most
important question is “Was this object handled by the suspect?” While forensic
examiners cannot answer this question directly, discovering the suspect’s DNA on the
object can be evidence in support of the object having been handled by the suspect. Prior
to testing, the forensic examiner has to remove trace DNA from the evidence item and
must decide which areas to process. Sampling from too large of an area can be
detrimental: on rough surfaces, it can increase the amount of substrate as the substrate is
frayed or worn away; it can increase the amount of contaminants and inhibitors in the
sample; it can pick up the DNA of other individuals who may have touched a different
area of the object than the perpetrator. Increasing the amount of substrate used to sample
an object (such as by using 2 or 3 swabs) reduces the DNA to substrate ratio. This ratio is
important as extraction is never 100% efficient, some DNA will always remain
associated with the substrate after extraction, reducing the total yield if fewer swabs
could have been used. One study showed that up to 76% of collected DNA was lost
during the extraction phase, with some of that DNA being lost to the substrate (Van
Oorschot et al., 2003). If a larger sampled area leads to an increase in contaminants and
inhibitors going into the sample, it could reduce the amplification efficiency downstream,
leading to less signal and more stochastic effects. A larger sampled area can increase the
likelihood of collecting the DNA of other contributors. This will create DNA mixtures
which can be difficult to interpret. As recommended by the Scientific Working Group on
DNA Analysis Methods (SWGDAM), many laboratories have set a limit to the number
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of contributors in a mixture above which the sample is not suitable for comparisons
(Scientific Working Group on DNA Analysis Methods, 2017). For instance, the NYC
OCME does not do any comparisons or interpretations to DNA mixtures best described
as having four or more contributors (NYC OCME, 2019b).
It is important to consider that Forensic Science is a multidisciplinary field
involving various techniques and procedures. When a perpetrator touches an object, DNA
is not the only evidence of contact left behind. Fingerprints are a viable and oft-used
identification technique associated with crime scene evidence. Occasionally, when
multiple fields of forensic science intersect, techniques can interfere with each other.
Swabbing for DNA could disrupt fingerprint residue, and likewise, some methods of
latent fingerprint development can interfere with DNA testing. One study found that
magnetic fingerprint powder, multimetal deposition (MMD), and UV radiation should not
be used for fingerprint analysis in cases where DNA typing may be considered (Roux,
Gill, Sutton & Lennard, 1999). It is theorized that the iron in magnetic fingerprint powder
may be carried into the PCR reaction where it can act as an inhibitor. The MMD protocol
used in the study required that samples spent a long time in an aqueous solution, possibly
leading to dissolution of any cells present on the evidence sample. UV irradiation, while a
useful tool in fingerprint enhancement, has proven to be effective at degrading DNA and
is commonly used as a treatment to remove exogenous DNA from laboratory
consumables (Gefrides et al., 2010; Tamariz, Voynarovska, Prinz & Caragine, 2006). For
non-porous substrates, swabbing or tape lifting biological material will physically remove
fingerprint residue and all friction ridge detail. However, this does not apply to porous
substrates, such as paper, where amino acids located below the surface can still be
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visualized (McLaughlin, 2019). Finally, an examination of cyanoacrylate fuming showed
no significant differences between the amount of trace DNA recovered from samples that
were subjected to cyanoacrylate treatment and those that were untreated (Bille, Cromartie
& Farr, 2009).
One of the limitations of touch DNA analysis is the fact that the presence of an
individual’s DNA on an item is not definitive proof that they came in direct contact with
said item. When an individual’s DNA is deposited on an item as a result of direct
handling, that is defined as an active or primary transfer event. A passive or secondary
transfer event occurs when DNA is transferred to an “intermediary object” which can
subsequently transfer that DNA to the object of interest (Taylor et al., 2017). Theories of
secondary transfer often posit that an individual did not come into contact with the object
of interest. As DNA typing kits become increasingly more sensitive, the ability to detect
DNA from secondary transfer events becomes more likely.
A DNA mixture is a profile that is composed of DNA from multiple individuals.
If a mixture of DNA is detected on an object, an attempt can be made to deconvolute the
mixture, breaking it down into its individual contributors. Mixtures are a challenge with
regards to trace DNA because it adds a layer of uncertainty to the question of whether an
object was held by the person of interest. The presence of DNA from other individuals
can make it difficult to assert that the DNA is the result of active transfer (e.g. “The
suspect handled the knife”) versus passive transfer (e.g. “The suspect’s DNA was
transferred to the knife via secondary transfer”).
Environmental exposure can also affect the quality of profiles developed from
touch DNA samples. The presence and growth of bacteria can intensify DNA
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degradation, and improper packaging and storage of evidence can amplify these effects
(Dash & Das, 2018). The source of bacterial contamination can come from microbes
already present on the subject or various environmental microbes present in the area.
After microbial contamination, improperly packaged or stored biological material can
allow these microbes to flourish, producing DNA damaging metabolic products. DNA
damage can reduce the amplifiable amount of DNA and the quality of profiles produced
downstream. In addition to degradation, DNA can be lost to the environment. Across
multiple evidence and packaging types, DNA is often transferred from the item to its
packaging, and from one place on the item to another, effectively reducing the amount of
DNA that can be collected from a sample (Goray, van Oorschot & Mitchell, 2012).
Proper packaging and storage methods are necessary to combat environmental
degradation and DNA loss to the environment.
Many studies have shown that when a person touches an object, there are
significant differences in the amount of skin cells deposited by different individuals (for
example: Farmen, Jagho, Cortez & Froyland, 2008; Goray, Fowler, Szkuta & van
Oorschot, 2016). This factor is typically referred to as an individual’s “shedder status”
with donors often grouped into “good shedders” and “poor shedders”. One study noted
that while an individual donor deposited different amounts of DNA on different
occasions, there were some donors who repeatedly deposited high quantities of DNA
while other donors repeatedly deposited lower quantities (Goray et al., 2016). Skin
conditions such as psoriasis can also affect the quantity of skin cells deposited on a
surface (Kamphausen, Schadendorf, von Wurmb-Schwark, Bajanowski & Poetsch,
2012). Although at least one group has developed a test to determine an individual’s
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“shedder status” (Kanokwongnuwut, Martin, Kirkbride & Linacre, 2018), the biological
origin of “shedder status” has yet to be conclusively determined. However, there are
some indications that, for undetermined reasons, most “shedders” are men (Goray et al.,
2016). Finally, one group noted that a donor’s shedder status influences whether a full
profile can be developed from touched objects; a result of differences in the amount of
DNA deposited (Farmen, et al., 2008).
The methods used to sample from touched items also play a role in the ability to
generate a profile downstream. It has been shown that the type of substrate used to collect
trace DNA samples can have significant effects in the amount of DNA recovered (van
Oorschot et al., 2003). In one study, wet cotton cloth performed best at collecting touch
DNA samples. However, this study also noted that there was a distinct need for collection
devices from which DNA can easily be liberated. A more recent study comparing
different types of swabs confirmed that a “flocked” swab, designed to more readily
release collected cellular material, performed better than other swabs (Comte, et al.,
2019). Some agencies collect touch DNA samples and trace evidence with adhesive tape
lifts or the sticky area of 3M Post-It® notes. Using the forensicGEM® extraction kit, one
experiment showed many brands and types of tape commonly used in forensic evidence
collection inhibited PCR amplification after extraction (Hayward, 2012). As described
previously, PCR inhibition would negatively impact the DNA profiles developed
downstream.
With all of the challenges to touch DNA collection presented, it is clear that there
is still room for the field to evolve and improve. Changes that can maximize the amount
of DNA recovered, while simplifying the collection and extraction protocols would be
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welcomed by the forensic community. These changes could come from new methods,
new approaches, or even new compounds to recover trace DNA from the surfaces of
forensically relevant objects. This study focuses on a potential innovation for trace DNA
collection: the Gene Link Omni-Matrix™.
The Gene Link Omni-Matrix™ K105 solution is a proprietary, non-toxic solution
that is water soluble. The matrix is currently supplied in single-use, 1 mL spray bottles.
When a thin layer of the solution is sprayed on non-porous objects, it dries to create a
matrix which collects cells and cell-free DNA present on the surface of the object. The
matrix can then be collected in a tube and subjected to DNA extraction. The watersoluble matrix dissolves in aqueous extraction buffers, minimizing the loss of product to
the substrate while also reducing the risk of contamination by eliminating a tube transfer
step. According to the Director of Research and Development at Gene Link, the OmniMatrix™ solution is compatible with commercially available DNA magnetic bead
extraction kits (personal communication).
Theoretical advantages of the Omni-Matrix™ K105 solution are increased DNA
yield, since there should be no loss to the sampling substrate; a lower risk of
contamination, as there are no spin basket steps required to isolate and remove the
sampling substrate; and a simpler extraction protocol, as the matrix dissolves in most
lysis buffers.
The purpose of this study was to evaluate the Gene Link Omni-Matrix™ K105
solution as it applied to forensic DNA collection. We aimed to determine if there was a
significant difference between the total DNA collected when sampling with the OmniMatrix™ solution versus swabbing. We also aimed to determine if there was a difference
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in the quality of profiles generated from extracts sampled with the Omni-Matrix™
solution versus those profiles generated when the item was swabbed. The research design
included the use of parallel samples collected from a set of five donors and five different
non-porous substrates.
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2. Materials and Methods
IRB Approval
All testing was performed as approved by CUNY’s University Integrated
Institutional Review Board under IRB file number 2017-0061. Samples were anonymized
prior to testing and will be destroyed after the study is complete. The study was
composed of four female participants and one male participant.

Sample preparation
Mock evidence consisted of a pair of Stanley 10-299 Fixed Blade Utility Knives
(Utility Knives), a pair of Farberware Triple Riveted Steak Knives (Composite Knives), a
pair of spent brass cartridges (Brass Cartridges), and a pair of plastic cards approximately
3” by 5” (Plastic Cards). Mock evidence was cleaned with bleach, water, and ethanol
before being irradiated with UV light on each side for 30 minutes (Tamariz et al., 2006).
Additionally, 2 brand new 18 oz. plastic cups (Pseudoexemplars) were cleaned for each
donor, following the aforementioned protocol. Five volunteer donors (4 females and 1
male) came into the laboratory and were asked to wash their hands with soap and water
and thoroughly dry their hands. Donors were then asked to rub their face for 15 seconds
before rubbing their hands together for another 15 seconds to evenly distribute any oil
and skin cells between both hands. The donor then simultaneously held each pair of items
for 15 seconds, one item in each hand. After handling each item, the donor was given a
sealed bottle of water and instructed to pour a sip of water into each of the prepared cups,
and then take a sip of water from each cup. One item from each pair was randomly
chosen to be sampled with the Omni-Matrix™ K105 Sample Collection Kit (Gene Link),
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while the other was sampled with a FLOQSwab (Copan Diagnostics). Finally, a buccal
swab was taken from each donor using Puritan Cap-Shure sterile cotton tipped
applicators.

Sample Collection with Omni-Matrix™ Sample Collection Kit
As per the manufacturer’s instructions, the probative area of each item (Table 1)
sampled with Omni-Matrix™ was sprayed with the solution from a distance of
approximately 6 inches. The solution was allowed to dry for approximately 20 minutes
before collection. The dried matrix was then scraped off the item and into a 1.5 mL tube
using a plastic razor blade cleaned with bleach, water, and ethanol. For samples with a
larger surface area (such as the plastic cards), the amount of scraped off matrix was too
large for a single tube and had to be divided between two 1.5 mL tubes. Samples were
stored at room temperature until extraction.

Table 1 Summary of probative areas of items.
Item

Probative Area

Brass cartridges (BC)

Entire outer surface and base

Composite handle knife (CK)

Entire handle

Plastic card (PC)

Entire surface of both sides

Utility knife (UK)

Entire handle

Pseudoexemplar (plastic cup, PE)

Inner and outer rim
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Sample Collection with FLOQSwab
Each item to be sampled with the FLOQSwab was taken into a Biological Safety
Cabinet (Labgard). A single FLOQSwab was moistened with 100 µL of distilled water
and used to swab the probative area of each item. Swabs were allowed to air dry before
the head of the swab was cut, placed in a 1.5 mL tube, and stored at room temperature
until extraction.

Omni-Mag™ DNA Purification System
The Omni-Mag™ DNA Purification System (Gene Link) is a magnetic beadbased extraction and purification method. To each sample, 300 µL of lysis buffer
containing dithiothreitol (DTT) was added. Samples were incubated for 30 minutes at 60
°C and 1000 rpm on a thermomixer. Generally, the matrix dissolved into the lysate at this
step. Samples were then vortexed and centrifuged for 30 seconds at 5000 rpm on an
Eppendorf Centrifuge 5424. For the FLOQ swab samples, swab heads and lysate were
transferred to a spin basket and collection tube, then spun and centrifuged for an
additional 30 seconds at 5000 rpm. The spin basket and swab head were discarded. To all
lysates, 7 µL of Omni-Mag™ paramagnetic particles were added. Lysates were vortexed
every minute for 5 minutes, then centrifuged briefly. Tubes were placed in a magnetic
tube holder where the magnetic beads were allowed to collect on the side of the tube.
After the beads were collected on the side of the tube, the remaining solution was
removed with a pipette, and 150 µL of lysis buffer with DTT was added. The tubes were
vortexed and placed on the magnetic stand. After the beads were collected on the side of
the tube, the solution was again removed with a pipette, and 350 µL of G3 wash solution
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added to each tube. The samples were vortexed, then centrifuged for 5 seconds at 2000
rpm. The tubes were placed on the magnetic stand and the wash solution removed with a
pipette. The wash step was repeated two more times. After the solution from the final
wash was removed, the tubes were left open on the magnetic stand and allowed to air dry
for 5 to 20 minutes. After the remaining wash solution was allowed to evaporate, 50 µL
of elution buffer was added to each sample. Each tube was vortexed and incubated at 60
°C for 20 minutes. Tubes were then vortexed briefly, centrifuged for 5 seconds at 2000
rpm and placed in the magnetic stand. The eluate was transferred to a new 1.5 mL tube
and stored at -20 °C.

DNA Quantification
Extracted DNA samples were quantified using the Quantifiler Trio DNA
Quantification Kit (Applied Biosystems) on the 7500 Real Time PCR System (Applied
Biosystems). DNA Standards were prepared at concentrations of 50 ng/µL, 5 ng/µL, 0.5
ng/µL, 0.05 ng/µL, and 0.005 ng/µL following the manufacturer’s suggested protocol. A
master mix was prepared with 5 µL of Reaction Mix and 4 µL of Primer Mix per sample.
After vortexing, 9 µL of master mix was added to each sample well in a 96-well optical
plate (Applied Biosystems) along with 2 µL of standard, control, or sample. The plate
was sealed with an optical seal, spun at 3000 rpm, and loaded onto the 7500 instrument.
Real-time PCR was performed according to the manufacturer’s suggested parameters
with an initial incubation at 95 °C for 11 minutes. Following the initial incubation were
40 cycles of: 94 °C for 20 seconds, 59 °C for 2 minutes, then 72 °C for 1 minute.
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Amplification
The Globalfiler PCR Amplification Kit (Applied Biosystems) was used for STR
amplification. Each amplification set included DNA Control 007 as an Amplification
Positive Control as well as an Amplification Negative Control. Amplification reactions
were performed in 0.2 mL tubes. A master mix containing 7.5 µL of Master Mix and 2.5
µL of Primer Set per sample was prepared. After vortexing the master mix, 10 µL was
added to each tube. Whenever possible, 500 pg of template was added to each tube. For
samples where this was not possible (due to low concentration or where no DNA was
detected), the maximum volume of 15 µL was amplified. The remainder of the volume
up to 15 µL was made up with 0.1x TE Buffer. Tubes were centrifuged at 3000 rpm for
20 seconds and placed on a Veriti Thermal Cycler (Applied Biosystems). PCR was
performed following the manufacturer’s suggested parameters with an initial incubation
of 95 °C for 1 minute. Following the initial incubation were 30 cycles of 94 °C for 10
seconds and 59 °C for 90 seconds. Following the 30 cycles, a final extension step of 60
°C for 10 minutes was performed. Finally, samples were held at 4 °C until final storage at
4 °C.

Capillary Electrophoresis
Amplified DNA samples were run on a 3500 Genetic Analyzer equipped with a
36 cm capillary and POP 4 polymer (all from Applied Biosystems). A master mix
containing 9.6 µL Hi-Di Formamide and 0.4 µL GeneScan 600 LIZ Size Standard
(Applied Biosystems) per sample was prepared and added to each well scheduled to
contain a control or sample. Any unused wells in an injection were filled with 11 µL of
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Hi-Di Formamide. After adding master mix and Hi-Di Formamide to the plate, 1 µL of
PCR product was loaded onto the plate. Additionally, an allelic ladder was run with each
plate. The plate was sealed with a septum, vortexed, and centrifuged at 1000 rpm for 1
minute. The PCR product was denatured for 3 minutes and 95 °C, then chilled for 3
minutes at 4 °C on a Geneamp 9700 Thermal Cycler (Applied Biosystems). The plate
was then loaded onto the instrument and run with an electrokinetic injection of 3 kV for 5
seconds, then run at 15 kV for 1500 seconds.

STR Analysis
STR data were analyzed using GeneMapper ID-X Software v1.5 (Applied
Biosystems). An analytical threshold of 50 rfu was set. For the purposes of this
experiment, profiles were not assigned. After non-allelic artifacts (spikes, pull-up, pulldown) were removed, donor alleles were simply marked as being present or not present
in the profile.

True Exemplars
Exemplar buccal swabs from each donor were processed separately from evidence
samples following similar protocols. One-third of each swab was cut and extracted using
the Omni-Mag™ DNA Purification Kit. Quantification was performed with the
Quantifiler Trio DNA Quantification Kit, and 500 pg of DNA template was amplified
using Globalfiler PCR Amplification Kit for 29 cycles. Exemplars were typed on the
3500 Genetic Analyzer and data were analyzed using GeneMapper ID-X.
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Statistical Analysis
A non-parametric statistical test suitable for small sample numbers (MannWhitney U test) was used to evaluate the difference in yields between the two sampling
methods. The test was performed using an online statistical software (Social Science
Statistics, 2018).
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3. Results
Preliminary Experiments
Preliminary tests were conducted as both a proof of concept for the OmniMatrix™ Sample Collection Kit, and to evaluate the suitability of various substrates as
mock evidence. One donor handled several potential substrates including various styles
of kitchen knives, a pocket knife, and a plastic card. The preliminary items were sampled
with the Omni-Matrix™ Sample Collection Kit, extracted with the Omni-Mag™ DNA
Purification System, and quantified using the Quantifiler Trio DNA Quantification Kit.
An average DNA concentration of 21.09 pg/µL was obtained from eight samples. This
data was used to inform the overall experimental design.

Quantitation Results for the Set of Five Donors
Recovery Method Comparison
The mean concentration of DNA from samples collected with the Omni-Matrix™
Sample Collection System was 9.90 pg/µL with a median concentration of 2.77 pg/µL (N
= 23). The mean concentration of DNA from samples collected by swabbing was 21.19
pg/µL with a median concentration of 0.18 pg/µL (N = 25). However, for four of the five
donors, the mean and median DNA concentrations were higher for samples collected
with the Omni-Matrix™ solution. The fifth donor had the highest DNA concentrations
for nearly every evidence type and sample method, suggesting she was a good DNA
“shedder” (Goray, 2016). The extraction of one matrix sample failed due issues
dissolving the matrix in the volume of extraction buffer available. A second matrix
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sample was inadvertently misplaced. Therefore, reported results are based on 23 instead
of 25 samples.
Total yield is defined as the total amount of DNA obtained from an item by
extrapolating from the concentration. Total yield from touch samples (all samples except
the pseudoexemplar) is a more accurate representation of extraction performance since
Omni-Matrix™ samples from the plastic card were extracted in two tubes and thus
diluted in double the extraction volume. A box and whisker plot (Figure 1) of total yield
from each sampling method and touched sample shows multiple outlier points, all from
the suspected “shedder”. The mean total yield from matrix touch samples was 612.02 pg,
and the mean total yield for swab touch samples was 1,320.50 pg. The median yield from
matrix samples was 243.63 pg while the median yield for swab samples was 16.64 pg.
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Figure 1. DNA yield from brass cartridges, composite knife, plastic card, and utility
knife; n=19 (matrix) and n=20 (swab). Matrix samples had a higher median
compared to swab samples, while outliers affected the means of each data set.
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The Mann-Whitney U test was used to compare two data sets which are not
normally distributed. Table 2 shows the parameters and results of the comparison which
calculated the difference in DNA yields from the two methods of sampling was
significant.
Table 2. Results of Mann-Whitney U Test comparing matrix and swab touch
samples*
Mann-Whitney U Test Parameters and Results
Significance Level (p):

0.05

Hypothesis Type:

Two Tailed

Critical U Value at p<0.05:

109

U Value of data sets:

119

Z-Score:

-2.26185 (p-value = 0.02382)

* n=19 (matrix) and n=20 (swab). A U value above the critical U value means the
difference is significant.
Yields for Different Substrates
Table 3 compiles the data across all touch DNA evidence types separated by
donor and collection method. Comparisons were also performed within each evidence
type, comparing which sampling method had the better DNA yield. For the brass
cartridge, the matrix had a higher total yield with four of the five donors. The same was
true for the composite knife. For the plastic card, there was one failed extraction for the
matrix. In the other four plastic card comparisons, the matrix had higher DNA yields. For
the utility knife, the matrix had a higher total yield with four of the five donors. For the
pseudoexemplars, one matrix sample was misplaced and could not be tested. In the other
four pseudoexemplar comparisons, the matrix had higher DNA yields.
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Yields for Different Donors
DNA donors were also compared across all evidence types and sampling
methods, examining whether any donors consistently deposited more DNA on the items.

Table 3. Summary table of DNA yield by mock evidence type and donor.
Brass
Cartridge
Donor 757
Donor 617
Donor 333
Donor 247
Donor 462
Composite
Knife
Donor 757
Donor 617
Donor 333
Donor 247
Donor 462

Matrix
Yield (pg)
2760.97
7.45
35.27
12.01
6.44
Matrix
Yield (pg)
1289.92
230.15
126.42
1076.65
243.63

Swab
Yield
(pg)
5044.5
0
21.37
0
4.04

Higher
Yield
swab
matrix
matrix
matrix
matrix

Swab
Yield
(pg)

Higher
Yield

4299.86
0
25.61
0
39.95

swab
matrix
matrix
matrix
matrix

Plastic
Card
Donor 757
Donor 617
Donor 333
Donor 247
Donor 462
Utility
Knife
Donor 757
Donor 617
Donor 333
Donor 247
Donor 462

Matrix
Yield
(pg)

Swab
Yield
(pg)

Higher
Yield

Failed
653.96
248.45
199.83
259.28

7592.19
0
21.21
0
67.2

n/a
matrix
matrix
matrix
matrix

Matrix
Yield
(pg)

Swab
Yield
(pg)

Higher
Yield

2026.39
1775.03
488.64
40.42
147.42

8838.03
443.92
0
12.06
0

swab
matrix
matrix
matrix
matrix

Table 3 and Figure 2 clearly show that donor 757 consistently deposited a higher
amount of DNA on the items in question across all sample types and sampling methods.
When donor 757 is excluded, the matrix outperformed swabbing across all touch DNA
mock evidence types. When classifying donor types, donor 757 very likely has “strong
shedder” characteristics. Meaning that she likely leaves behind a significantly higher
amount of touch DNA on objects than most others in the population. Conversely, given
the relatively low amounts of DNA left behind by the other four donors, these individuals
would likely be considered poor or intermediate shedders.
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Figure 2. DNA yield from touched samples across both sampling methods; n=5 each,
except for donor 757 where n=4.
STR Results for Final Set of Five Donors
STR results for each sample were compiled at both the allele level and the profile
quality level. Evidence samples were analyzed in GeneMapper ID-X to remove artifacts
and call alleles. The called alleles from each evidence sample were compared to the
profiles obtained from the donor’s buccal swab to calculate a percentage of alleles called.
Across all matrix samples, 468 of 930 alleles were called (50.3%). The median
percentage of alleles called for matrix samples was 70.7%. Across all swab samples, 243
of 970 alleles were called (25.1%). However, the median percentage of alleles called for
swab samples was 2.6%.
A heatmap was generated for each sample, arranging each locus in the order they
appear in the electropherogram, with green (

) meaning all alleles at a locus were
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called, yellow (

) meaning one of two alleles were called, and red (

) meaning no

alleles at that locus were called (Figures 3 and 4). Generally speaking, within a color
channel, larger loci had the tendency to “drop-out” before smaller loci, which is
consistent degradation effects commonly encountered for trace DNA (van Oorschot et al.,
2019).
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Sample Name Amel
757BCB
757CKB
757UKB
757PEM
617BCM
617CKM
617PCM
617PEM
617UKM
333BCM
333CKM
333PCM
333PEM
333UKM
247BCM
247CKM
247PCM
247UKM
462BCM
462CKM
462PCM
462PEM
462UKM

D3

vWA

D16

CSF

TPOX

D8

D21

D18

D2S441 D19

Figure 3. Heatmap generated from Matrix samples (n=23).
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Sample Name Amel
757BCA
757CKA
757PCA
757PES
757UKA
617BCS
617CKS
617PCS
617PES
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333BCS
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Figure 4. Heatmap generated from Swab samples (n=25).

D19

TH01

FGA

D22

D5

D13

D7

SE33

D10

D1

D12

D2S1338

27

With regards to profile quality, a Full profile was determined to be when all of a
donor’s alleles were called at all 22 Globalfiler loci. The threshold for a High Partial
profile was determined to be when all of a donor’s alleles were called at 13 or more loci.
A profile was deemed a Low Partial profile when there was data at more than one locus,
but less than 13 loci that were fully called. A Negative profile had no donor alleles at any
locus. As summarized in Table 4, the matrix samples generated five Full profiles
(21.7%), seven High Partial profiles (30.4%), seven Low Partial profiles (30.4%), and
four Negative profiles (17.4%). The swab samples generated two Full profiles (8.00%),
four High Partial profiles (16.0%), eight Low Partial profiles (32.0%), and 11 Negative
profiles (44.0%).

Table 4: Profile quality generated from each sampling method
Profile Type

Omni-Matrix™ K105

Swabbing

Full Profile

5 (22%)

2 (8%)

High Partial Profile

7 (30%)

4 (16%)

Low Partial Profile

7 (30%)

8 (32%)

Negative

4 (18%)

11 (44%)

Overall, DNA typing success for the swab samples correlated with available DNA input
based on Quantifiler Trio human quantitation results (see Table 3). There were
exceptions for the matrix samples which are discussed below.
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4. Discussion
The goal of the study was to evaluate the DNA yield and quality of profiles
generated from the Omni-Matrix™ K105 solution and compare those results to the
results obtained from swabbing the same mock evidence. This study would help evaluate
whether the solution would be an improvement in the collection of touch DNA from nonporous substrates either at a crime scene or in a laboratory setting.
With regards to the ease of handling the spray-on solution, initial observations
were that as currently packaged in its prototype stage, the matrix product was slightly
cumbersome and difficult to use. One had to ensure their finger was not in front of the
nozzle when spraying mock evidence. Additionally, the supplied 1 mL volume single-use
spray bottles were too small for large hands and the volume was also insufficient for
covering items with larger surface areas.
As packaged, the matrix product was also time and temperature sensitive.
Typically, the solution was useable for approximately 3 weeks before thickening into a
gel that could not be sprayed. The manufacturer’s recommendation to heat the solution to
60 °C had resulted in very limited success. Given these observations, the matrix may also
be difficult to use in cold crime scenes, impacting its overall utility. Changing the way
the matrix is packaged and dispensed could alleviate many of these problems.
Finally, when initially observing a demonstration of how to use the matrix given
by one of the developers, the scraping and collection of the plastic matrix film had not
been affected by static forces. However, at times during the project stage, the film was
difficult to collect. Static forces would cause the film to occasionally stick to the lid or to
the outside of the tube and move erratically. While this effect might be caused by the
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specific environmental conditions in the laboratory, or the static charge of the particular
tubes used for collection, research into discharging static charge prior to collection would
be useful. A possible solution could involve the use of grounding straps (Frazier, 1987) or
an anti-static “gun” (Karbaschi, Shahi, & Abate, 2017). In addition, it should be noted
that applying and recovering the matrix film is only feasible for evidence items that are
small with a mostly smooth, non-porous surface. Highly textured surfaces, such as the
stippled pattern on gun grips would prevent efficient removal of the solidified film.
Larger items, such as the top surface of a desk, would result in an unwieldy extraction
volume. Depending on the composition and hardness of the finish, it may be difficult to
use the matrix on wooden items like baseball bats without scraping up some of the wood.
Touch DNA experiments are difficult to standardize given both the inter- and
intra-personal variation in the amount of DNA deposited on an item (Goray et al., 2016).
This study accommodated shedder variation by using parallel sets collected on the same
day for each DNA recovery method. The resulting data set contained one donor whose
touched items always yielded higher DNA amounts than what was recovered for the
other four donors. Donor 757 was the only “good shedder” in the donor group and
deposited more DNA across all touch DNA evidence types and sampling methods. This
sample did not follow the trend of higher DNA yield using the matrix collection method
and skewed the mean DNA concentration comparison, where swab samples had a higher
value than the matrix samples, despite a much lower median.
Overall, use of the Omni-Matrix™ K105 solution led to higher total DNA yields
as well as higher quality profiles generated downstream. For each individual donor
except donor 757, the mean and median concentration values were higher when samples
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were collected with the Omni-Matrix™ K105 solution versus swabbing. For donor 757,
swabbing yielded more DNA for all touch samples where a comparison could be made.
Sweat is a major vector for DNA transfer from the hands (Lim et al., 2016). However,
sebaceous oils are also transferred from the skin to the object in question and have been
identified as carriers of cellular and cell free DNA (Zoppis et al. 2014). This study design
aimed to remove non-self DNA from the donors’ hands by handwashing. Donors then
mimicked a phase of involuntary skin and hair touching (van Oorschot et al., 2015), by
rubbing their face prior to touching the prepared evidence items. One reason for the
difference in results, specifically for donor 757 could be caused by her higher shedder
status, if this characteristic is related to oilier skin. Given that the matrix is water soluble,
it is theoretically possible that oils interfere with the matrix’s adhesion to the substrate
and thus its ability to collect cellular material and DNA from the surface of objects. If the
donor 757 left more oils behind on the surface of the mock evidence, this could have led
to less biological material collected with the matrix and consequently, a lower DNA
yield, while the swabbing method would not have been affected.
In preliminary experiments to ensure that the Copan FLOQSwab was compatible
with the Omni-Mag™ DNA Purification System, swabbing yielded more DNA than in
the main experiments. The preliminary experiments consisted of just a single donor who
was not included in the main experiments and may have been a good shedder, which
could explain the difference in the final donor set. It is concerning that extraction and
genotyping after swab collection were not more successful for the drinking cup sample
type (pseudoexemplar), where four out of five samples were negative or almost negative.
These samples are smooth, non-porous, expected to contain saliva, and should have had
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better results. Further experiments on more donors, proving that the swabs are in fact
compatible with the extraction chemistry, would be useful in showing that the differences
are not due to an incompatibility.
For some of the samples, the quantitation results were not a good predictor of
profile quality. A few samples showed relatively high quantification values but yielded
poor profiles and vice versa. After determining that sample switches were an unlikely
cause of this discrepancy, there are two predominant theories for the cause. The primary
theory is that the extraction protocol did not fully eliminate the presence of dithiothreitol
(DTT) in the extract. The presence of DTT has been linked to unreliable results in realtime PCR quantification (Boiso, Sanga & Hedman, 2015). Another theory which could
explain the discrepancy between the quantification values and profile quality could be the
color of the matrix. Omni-Matrix™ K105 solution is currently packaged as a bright
yellow solution to aid in its visualization on the surface of evidence. While the
components of the solution are proprietary, it is likely that the yellow coloring is due to
the presence of one or more dyes. If the dye is not fully removed from the extract it could
possibly interfere with the fluorescence measured by the Applied Biosystems 7500 Real
Time PCR System, leading to unreliable quantification results. If possible, a comparison
study could be done, comparing a lot of matrix produced without the yellow coloring to
the standard solution.
Overall, the Omni-Matrix™ K105 solution recovered more DNA, a higher
percentage of donor alleles, and generated better profiles when compared to swabbing for
the “poor shedders”. Swabbing evidence worked better for the “good shedder”. However,
for all of the touch samples from donor 757, the matrix recovered more DNA than either
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method collected from any other donor in that mock evidence type. A similar product in
use for RNA recovery from clinical samples has successfully been applied to paraffinembedded tissue sections on glass slides (Zymo Research, n.d.).
Because the matrix dries as a solid film, application at the crime scene could
theoretically mean DNA on small evidence items is protected against loss and transfer
caused by transport (Goray et al., 2012). A similar theory was posed by a group who
studied DNA recovery after cyanoacrylate fuming (Bille et al. 2009). However, this
research could not confirm this hypothesis. The cyanoacrylate fumed areas showed
similar DNA yields to untreated areas and were not protected against the reduction in
DNA yield seen for samples with processing delayed for three months (Bille et al. 2009).
This still warrants investigation; Bille et al (2009) fumed their samples in the laboratory,
which means the items were untreated for the initial packaging and transport. The OmniMatrix™ film may also be less porous and have different protective properties that
cyanoacrylate. A future experiment should investigate whether the matrix could be used
to “protect” DNA on small evidence items sprayed at the crime scene.
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5. Conclusions
The results of testing show that the Omni-Matrix™ K105 solution could be a
welcome new addition to the field of touch DNA collection. In limited testing it was
shown to successfully collect touch DNA from mock evidence, generally yielding
profiles with qualities as good or better than samples collected via swabbing. With some
modifications to the current prototype, it remains to be seen whether it could be a clear
improvement to current sampling methods. Additional validation studies would also be
required before the solution could be used in the field. Future studies should compare
groups where every donor is a shedder as well as groups where every donor is a nonshedder. A wider array of mock evidence should also be considered. The Omni-Matrix™
application is limited to non-porous substrates, however, objects in this category have a
variety of surface characteristics which could preclude the use of the matrix. In practice,
investigations often require multiple types of testing on the same item including latent
print development. Future studies should therefore investigate the compatibility of the
Omni-Matrix™ K105 solution with previously applied latent fingerprint development
techniques.
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